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Abstract
A hand-held formaldehyde (HCHO) gas detector has been developed. This ﬂuorescence-based system uses a
standard microscope glass slide both as a transducer and a sensor. The selective detection of gaseous formaldehyde is
performed using the well-known Hantzsch reaction with Fluoral-P, which is chosen as a reagent. The sensor consists
of a nanoporous thin ﬁlm doped with the reagent, which allows capturing the pollutants molecules. The nanoporous
ﬁlms of polymers are prepared using the Sol-Gel method and are coated on the microscope slide by spin-coating,
enabling reproducible coatings of various shapes and thicknesses. Experiments were carried out in the laboratory to
calibrate the instrument, with the objective to perform measurements in indoor and outdoor conditions. The real-time
monitoring allows detecting pollution peaks of formaldehyde.
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1. Introduction
Formaldehyde is an important industrial chemical, used in the manufacturing of adhesives, i.e. wood based binder-
ing materials, and can also be found in domestic products such as cosmetics, detergents, paints and insulation. As
a volatile chemical contaminant, it causes irritation of eyes and nose for concentrations higher than 200 ppb and
breathing diﬃculties above 5 ppm. Several studies have pointed out the statistically signiﬁcant excess of deaths of
industrial workers exposed to formaldehyde, and it has recently been classiﬁed as carcinogenic [1]. Indoor, the levels
are typically of the order 1-100 ppb, depending on the source of formaldehyde and on the room characteristics, while
the World Health Organization has derived an air quality guideline of 80 ppb averaged over 30 min [2]. In Japan,
the Building Standard Law states that all buiding materials must emit low levels of formaldehyde, and in France,
concentration measurements might become compulsary by the end of 2019 for all buildings [3].
Therefore, there is a need for ﬁeld instruments whith the following characteristics: easy to use, real-time monitor-
ing, low level of maintenance, low cost, low limit of detection, hand-held. So far, only few of the commercial systems
available combine those characteristics. In this work, a hand-held detector was developed using colorimetric reagents
and an optical method of transduction [4]. The detector was tested on an experimental test rig which delivers known
concentrations of gaseous formaldehyde.
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2. Experimental
Concerning the chemicals, Fluoral-P or 4-amino-3-penten-2-one (98% pure) was purchased from LSOM, Orsay
and used as such. Ethanol anhydrous grade was purchased from Carbo Elba and tetramethoxysilane (TMOS) from
Aldrich. Water was puriﬁed with a Milli-Q system (Millipore) to a resistivity of 18.2 MΩ.cm−1.
The sensitive layer consists of a nanoporous thin ﬁlm doped with the reagent (Fluoral-P) which captures the
formaldehyde molecules. The nanoporous ﬁlms of polymers are prepared using the Sol-Gel method [5], using TMOS
as a precursor, and coated on the microscope slide by spin-coating. With this technique, coatings of various shapes and
thicknesses can be achieved. For our current application, an ellipsoidal spot (typically 7mm*5mm) with a thickness
of 320 ± 40 nm has been developped.
A detailed description of the mechanical and electronical aspects of the device can be found elsewhere [6]. The tar-
get molecules (HCHO) react with the Fluoral-P molecules on the slide surface to form 3,5-diacetyl-1,4-dihydrolutidine
(DDL), which is excited around 405 nm by a LED. The resulting ﬂuorescence emission is guided in the slide by total
internal reﬂection and collected at the end-face by the photo-multiplier (PM) (Fig. 1 (a)). The ﬂuorescence signal is
proportional to the concentration of DDL, which is directly linked to the concentration of formaldehyde. With this
conﬁguration, several sensitive layers can be coated with diﬀerent reagents in order to simultaneously detect various
pollutants. This point, which is not addressed in this paper, is an important advantage of this prototype. The reac-
tion chamber, in which formaldehyde molecules get in contact with Fluoral-P molecule, is a semicylindrical channel
(length 5cm, diameter 5mm). The gas samples are pumped downstream the reaction chamber by a fan at a typical ﬂow
rate of 25 mL/min. A three-way electro-mechanical valve is used to create sequences of exposition to the samples.
The whole system is integrated in a hand-held box (Fig. 1 (b)).
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Figure 1: Formaldehyde sensor: principle of detection and picture of the box
An experimental test rig is used to expose the sensor to reproducible concentrations of formaldehyde. Gaseous
formaldehyde is generated from a calibrated pressurized bottle provided by Air Liquide, and transported to the sensor
via stainless tubes. A range of formaldehyde concentrations is obtained by diluting the formaldehyde ﬂow into a
carrier gas, which is nitrogen or pure air. A Bronkhorst Controlled Evaporator Mixer is used to vary the relative
humidity in the carrier gas. To check the purity of the setup and validate the dilution process, Supelco DNPH cartridges
are used and analyzed subsequently by liquid chromatography.
3. Results
The kinetics of DDL formation are shown in Fig. 2 (a) for various formaldehyde concentrations. It has been
demonstrated that the reaction between Fluoral-P and formaldehyde is described by ﬁrst order kinetics of Langmuir
type [7]. The concentration of DDL is given by:
[DDL] = a(1 − exp(−bt)) (1)
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where a and b include the reaction rate k, the initial concentration of Fluoral-P [F]0 and the formaldehyde con-
centration [HCHO]: ⎧⎪⎨⎪⎩ a ∝ [F]0b = k[HCHO] (2)
[F]0 is constant throughout the experiments, hence, a ∗ b is porportional to the formaldehyde concentration (eq.
2). This product is determined by taking the slope of the exponential ﬁt in its initial stage, where the curve can be
approximated by a linear expression (Fig. 2 (a)). Experimentally, it is veriﬁed that this slope depends linearly on the
formaldehyde concentration (Fig. 2 (b)). It can also be seen that there is an oﬀset signal for [HCHO]=0 ppb. Its origin
could not be explained so far, however additional measurements have shown that it cannot be attributed to a residual
pollution of the test rig.
Depending on the amount of reagent coated on the ﬁlm and on the concentration of formaldehyde, the linear
regime lasts from a few minutes to more than 1 hour. An operating mode with a continuous ﬂux of formaldehyde
does not enable a monitoring of its level over a day, because of the exponential decay of the slope. By sequencing the
analysis into a series of cycles {ﬂux - no ﬂux}, it is possible to fragmentate this linear regime and therefore to extend
the lifetime of the ﬁlm to several hours. This operating mode is referred to as pulse mode.
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Figure 2: Fluorescence signal proportional to [DDL] under exposition to HCHO in humid atmosphere (relative humidity 50%). Each curve
corresponds to a diﬀerent ﬁlm doped with Fluoral-P, exposed to a ﬂux of gaseous HCHO at a ﬂow rate of 25 mL/min
In Fig. 3, the response to a peak concentration of formaldehyde in dry atmosphere in pulse mode is shown. During
the ﬂux period, the signal increases due to the formation of DDL. When the ﬂux stops, the reaction between HCHO
and Fluoral-P is interrupted and the signal decreases because DDL is only photobleached by the LED. The slope is
calculated for every ﬂux period (Fig. 3 (b)). The sudden change in ﬂow condition at the pulse start provoques a
jump in the signal (visible in the inset of Fig. 3 (a)), ignored in the slope calculation. As [HCHO] increases and then
decreases, the signal slope follows the same variations, which shows that the detection is reversible. Similarly to Fig.
2, there is a non-zero slope for a [HCH]=0 ppb.
From Fig. 3, it can be seen that the sensor is able to detect concentration steps of 16 ppb in dry atmosphere,
which is below the guideline value by the World Health Organization. The detection can be performed in real-time
in 3 minutes. A calibration curve in dry atmosphere was obtained with 7 sensitive layers processed with the same
technology but in diﬀerent batches (Fig. 4). In this ﬁgure, the oﬀset signal, which is diﬀerent for each signal, has
been subtracted. A linear response is obtained, with a relative error of approximately ±20%. In presence of humidity,
the lifetime of the sensitive layer is shorter because of the hydrolysis of Fluoral-P in addition to the reaction with
HCHO. Experimentally, the signal in humidity tends to decrease from the signal in dry atmosphere by 30% with our
technology.
On going work is focused on controlling the oﬀset signal and on extending signiﬁcantly the lifetime of the sensitive
layer. Eventually, this should enable quantitative measurements on sensors without pre-reference, in the range 1 to 50
ppb.
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Figure 3: Detection of HCHO in pulse mode: 3 min of HCHO ﬂux at 25 mL/min, followed by 10 minutes without ﬂux. Concentration of HCHO
in dry atmosphere, increasing from 0 ppb to 32 ppb, and decreasing from 32 ppb to 0 ppb.
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Figure 4: Calibration curve of the response to an exposition to HCHO in dry atmosphere. Each type of symbol stands for a unique sensitive layer.
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